Rationale: Fetuin-A is a liver-derived plasma protein involved in the regulation of calcified matrix metabolism.
C alcium and phosphate levels in blood are tightly regulated through the concerted action of calciotropic hormones and phosphatonins, which regulate uptake in the gut, deposition in the skeleton, and excretion in the kidney. 1 Nevertheless, calcification, the deposition of mineral precipitates in the vasculature and in soft tissues, is a common pathological event, especially in dialysis patients. 2 Even under physiological conditions, blood is considered a metastable aqueous calcium-phosphate system sustaining mineral precipitation once crystals are nucleated. William Neuman aptly stated that we all suffer "Lot's wife's problem," the imminent danger of turning into a pillar of salt. 3 Thus, a mechanism is required to safeguard against the disposal of mineral nuclei from circulation to prevent pathological calcification.
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Various in vitro studies have shown that physiological salt solutions containing proteins spontaneously form proteinmineral complexes, which are initially soluble but precipitate with time. A series of studies showed that cell culture media, containing fetal calf serum or human serum, sustain the spontaneous formation of nano-sized mineralo-protein complexes even in absence of any cells and further that the mineralo-protein complexes slowly grow, aggregate, and precipitate. 4 -6 It was pointed out that the formation of protein-mineral particles occurs by default, representing common physiological remnants linked to normal calcium homeostasis. The formation of mineral particles is found in many organisms at different evolutionary levels. 6, 7 Spon-taneously forming soluble protein-mineral particles are variously described as "mineralo-protein complexes," 6 "nanons," 8 "fetuin-A/albumin-mineral complexes," 4 "fetuin-mineral complexes," 9 or "calciprotein particles." 10 -14 The latter term, calciprotein particles (CPPs), was chosen by analogy to the lipoprotein particle, which carries otherwise insoluble lipids in the circulation.
We and others have shown that the plasma protein fetuin-A plays a critical role in the formation and stabilization of such protein-mineral complexes. 15 Fetuin-A circulates in the blood and acts as a systemic inhibitor of pathological mineralization by sequestering calcium-phosphate nuclei to form soluble CPPs. Fetuin-A is a hepatic plasma protein belonging to the subgroup 3 of the cystatin superfamily, which also includes fetuin-B, histidine-rich glycoprotein, and kininogen. 16 Fetuin-A-deficient mice show severe soft tissue calcification. [17] [18] [19] Pathological calcification in dialysis patients is associated with low fetuin-A serum levels. 20 -23 Fetuin-mineral particles were found in rats treated either with bisphosphonate or adenine. 24, 25 We identified ascites-derived CPPs in a patient with calcifying peritonitis, 12 suggesting that in blood, CPPs may only accumulate to detectable amounts under extreme circumstances. The recent detection of CPPs in serum from dialysis patients supports this view and furthermore shows that technical reasons may prevent the detection of CPPs in patients. 26 Thus, CPP-like protein-mineral complexes in normal subjects are either present in nondetectable amounts or cleared extremely fast from the circulation like rigid particles 27, 28 and dead cell remnants. 29 However, the dynamics and mechanistic basis of CPP clearance from the circulation has not been addressed thus far.
In the present study, we show for the first time that CPPs are effectively cleared from the circulation in mice and report their organ distribution after clearance as well as the involvement of scavenger receptor-A in the process. Our findings suggest that pathological mineralization in high-risk situations may be slowed down by stimulation of reticuloendothelial system (RES) clearance.
Methods
An expanded method section is available in the Online Data Supplement.
Protein Purification
Bovine fetuin-A, asialofetuin, and albumin were purified by gel filtration. Proteins were labeled with Alexa488 or Alexa546 carboxylic acid, succinimidyl ester using a labeling kit. CPPs were prepared as described before. 10 
Animals
Mice were injected intravenously with monomeric fetuin-A, CPP, asialofetuin type II, or bovine serum albumin. Mice were euthanized at different time points after injection to establish the serum clearance and organ distribution of different preparations. Serum samples taken immediately after injection were assigned 100% injected dose.
Preparation of Serum and Tissue Samples
Tissues extracts and serum samples were separated using SDS-PAGE, the fluorescence signal was scanned, and images were quantified by densitometry.
Macrophage detection on cryosections was performed using MOMA-1, MARCO, MAdCAM-1, CD68, and F4/80 primary antibodies. Second antibody was Alexa546-labeled goat anti-rat antibody, and DAPI nuclear staining was applied. Fluorescence signals were quantified by histomorphometry.
Cell Culture Experiments
Bone marrow-derived macrophages (BMMs) and RAW 246.7 cells were used to study binding and uptake. Binding of fluorescent acLDL, CPPs, and fetuin-A monomer was assayed using detached BMMs incubated in reaction tubes for 60 minutes at 4°C. Cellassociated fluorescence was measured by flow cytometry. For uptake measurements, adherent cells were incubated for 10 minutes with fluorescent fetuin-A monomer or CPPs preincubated (or not) in 30% serum. For inhibition studies, cells were treated with inhibitors or antibodies for 30 and 60 minutes, respectively.
Multiphoton Microscopy
Carotid arteries were dissected from C57BL/6 ApoE/Fetuin-AϪ/Ϫ mice. Carotids were perfused with fluorescent CPPs for 60 minutes and examined using laser-assisted multiphoton microscopy.
Results

Clearance of Protein-Mineral Complexes From Circulation Is Fast and Efficient
To study clearance of mineral debris from circulation, we synthesized CPPs comprising fluorescence-labeled fetuin-A, calcium, and phosphate. 10 -14 All protein and particle preparations were purified before use to remove aggregates and contaminants influencing the clearance (Online Figure I) . We injected CPPs intravenously into mice and measured clearance from the blood (Figure 1 ). Blood was collected at various time points and clearance calculated from densitometry of the fluorescence signal of serum samples separated by SDS-PAGE. For comparison, we injected labeled monomeric fetuin-A (F-A), asialofetuin (AsF), and bovine serum albumin (BSA). It is known that AsF is rapidly cleared by the asialoglycoprotein receptor (ASGP-R), which binds terminal galactose residues on desialylated plasma proteins 30 -32 and is predominantly expressed on the sinusoidal surface of hepatocytes. Figure 1 shows that the clearance of CPPs was roughly 3 times faster than the clearance of fetuin-A monomer with serum half-lives t 1/2 of 45 minutes and 149 minutes, respectively. CPP clearance was also faster than BSA clearance (t 1/2 247 minutes), but AsF monomer was cleared even faster than both fetuin-A monomer and CPPs (t 1/2 43 minutes). This finding corroborated the presence of a high-affinity ASGP-R, strongly discriminating between fully glycosylated fetuin-A and asialofetuin (t 1/2 149 minutes versus 43 minutes). In summary, the faster clearance of CPPs versus fetuin-A monomer suggested that clearance was greatly enhanced by mineral complex formation of fetuin-A.
CPPs Are Taken Up by the Reticuloendothelial System and Degraded Rapidly
We reasoned that the clearance of CPPs from blood should be mirrored by their organ accumulation. Figure 2 illustrates CPP clearance and accumulation in the liver, a major organ of the RES. The fluorescence micrographs of liver sections demonstrate localization of fluorescent CPPs to a specific cell population (Figure 2A through 2E) . Antibody staining showed that CPPs were taken up by F4/80-and CD68-positive liver macrophages, Kupffer cells ( Figure 2F through 2G), whereas F4/80-negative liver sinusoidal endothelial cells did not accumulate CPPs. Transmission electron microscopy showed that CPPs formed electron-dense, dark, small, needlelike crystals densely packed in vesicles in Kupffer cells (Online Figure II) . Taking fluorescence of the Kupffer cells as a proxy of cellular clearance, uptake of fluorescencelabeled CPPs peaked at 2 minutes and decreased thereafter (Figure 2A through 2E) . Densitometry of fluorescence micrographs showed that 55% of the fluorescent material present 2 minutes after injection had disappeared 8 minutes later, suggesting rapid clearance and degradation of CPPs in Kupffer cells ( Figure 2H ). The half-life of CPPs in Kupffer cells was 3 minutes. Thus, the clearance rate for CPPs was considerably faster than that determined from serum disap- pearance (t 1/2 45 minutes) shown above. We attribute this to the fact that CPP preparations also contain monomeric fetuin-A 14 greatly distorting the apparent serum clearance rate but not the rate of accumulation of CPPs in Kupffer cells.
Fetuin-A monomer was cleared by unspecified cells with slow kinetics typical for long circulating plasma proteins like albumin (not shown). Of note, quantification of the more or less homogeneous fluorescence-signal of both monomer types was disturbed by tissue auto-fluorescence of the liver. In summary, no cell type-specific accumulation was observed for fetuin-A monomers, whereas a rapid macrophage specific uptake was observed for CPPs.
Fetuin-A Monomer and CPP Show Different Organ Distribution
To quantify the organ distribution of injected CPPs and monomeric fetuin-A, we analyzed perfused organs of mice. We measured the amount of intact (high molecular weight) and degraded (low molecular weight) fetuin-A in cellular extracts by SDS-PAGE and quantitative fluorescence imaging (Online Figure III) . The background fluorescence was arbitrarily set to the average mean fluorescence signal observed in extracts from those organs that scored negative by immunofluorescence (Online Figure IV) . We attribute any residual signal in these organs to insufficient blood removal during organ perfusion.
Fetuin-A monomer accumulated to 1.5-fold background level in liver, kidney, and bone marrow (Online Figure IVA) , suggesting that these organs may be involved in the clearance, excretion, and deposition of monomeric fetuin-A. Online Figure IVB shows that the distribution of CPPs was very different from the monomer. Strong fluorescence signals were detected in liver extracts immediately after injection of CPPs (see also Figure 2A through 2E and 2H) and decreased continuously. The highest amount was present at 30 minutes after injection and attained 8-fold background level. At this time, the CPP liver content corresponded to 31% of the total injected dose of CPP. A decrease over time was seen for both the intact as well as the degraded portion of CPP associated fetuin-A. A comparable pattern was seen in the spleen revealing up to 5-fold increase over background, yet a lower content than the liver (range, 5-to 2.5-fold in spleen and 8-to 4.6-fold in liver). All other tissues showed comparatively constant fluorescence values and thus did not contribute to clearance and excretion of CPPs. Fluorescent protein content was also consistently low in myocardium, axillary lymph nodes, pancreas, gonads, and skeletal muscle (not shown). AsF showed a specific accumulation in liver, confirming published data. 31, 32 The second highest signal was detected in kidney showing mostly degraded asialofetuin (not shown). This suggests elimination of AsF from circulation in the liver and subsequent excretion through the kidney.
In summary, the analysis of organ extracts showed that CPPs were predominantly cleared by liver and spleen. In both organs, the labeled CPPs were also degraded as evident from the initial rapid increase and the following steady decline in signal intensity in liver and spleen extracts compared with other tissues.
Marginal Zone Macrophages of the Spleen Clear Protein-Mineral Particles
Besides the specific uptake of CPPs in the liver, the quantification of organ extracts suggested the spleen as the second major organ involved in clearing CPPs from the circulation. We analyzed the clearance of CPPs in spleen by fluorescence microscopy and used cell type-specific markers to determine the cell type responsible for CPP clearance. The spleen harbors several types of macrophages, localized in the red pulp or the marginal zone. The white pulp is mostly free of macrophages but contains dendritic cells. Marginal metallophilic macrophages (MMM) were stained with MOMA-1/ sialoadhesin antibody ( Figure 3A and 3B) and marginal zone macrophages (MZM) were stained with antibody against MARCO (macrophage receptor with collagenous structure) ( Figure 3E and 3F) . 33 MMM and MZM macrophages in the marginal zone are separated by a layer of sinus lining cells, which stain positive for the cell adhesion molecule MAdCAM-1 ( Figure 3C and 3D) . MZM are located exclusively in the outer side of the sinus lining cell layer of the marginal zone (pointing to the red pulp), the MMM are localized mainly on the inner side of the marginal sinus pointing to the white pulp, and a fraction of weakly MOMA-1 positive cells is also found on the outer side. Figure 3 shows that CPP accumulated in the marginal zone, but were absent in white and red pulp. The sinus lining cell marker MAdCAM-1 ( Figure 3C and 3D ) separated a few CPP lo / MOMA pos macrophages from CPP hi /MARCO pos macrophages ( Figure 3E and 3F) , suggesting that most CPPs were taken up by MARCO pos MZM, whereas the contribution of MOMA-1 pos MMM was clearly lower.
In Vitro Clearance of CPPs by Macrophages
Liver and spleen are both part of the RES or mononuclear phagocytic system. The RES comprises phagocytes that clear endogenous and particulate matter including colloidal particles and bacteria. To study the macrophage clearance of CPPs we performed binding and endocytosis assays using the macrophage-like murine cell line RAW 246.7 and primary BMMs. Figure 4A and 4B show the results of a typical experiment testing endocytosis of fetuin-A monomer and CPPs at 37°C. Uptake was measured by evaluating cellassociated fluorescence using flow cytometry. Despite similar amounts of labeled fetuin-A present in both monomer and CPP preparations offered to the macrophages, significantly more CPPs than fetuin-A monomer were endocytosed. The cell-associated fluorescence signal of fetuin-A monomer ranged between 2% to 6% of the signal detected for CPPs (PϽ0.001 for all time points). These results are in full agreement with the in vivo clearance (Figures 1 through 3 and Online Figure IV) showing consistently more efficient uptake of CPPs than monomeric fetuin-A. To investigate CPP binding we incubated BMMs with fluorescent CPPs at 4°C. Figure 4C illustrates binding of fluorescent CPPs to BMMs, which decreased on competition with unlabeled CPPs suggesting a specific and saturable binding mechanism. The initial cell-associated fluorescence signal was reduced from 100 to 90, 76, and 60 (PϽ0.05), when a similar amount, 2-fold excess or 5-fold excess of unlabeled CPPs were added, respectively. To determine the uptake mechanism for CPPs we treated macrophages with known inhibitors of endocytosis pathways. Treating BMMs with cytochalasin D, an inhibitor of actin polymerization, reduced the uptake of CPPs. The cell-associated fluorescence decreased from 103 to 44 (PϽ0.001, Figure 4D ) indicating an active actin-mediated uptake mechanism. Preincubation with chlorpromazine, an inhibitor of clathrin-mediated endocytosis, reduced the cellassociated fluorescence from 103 to 57 (PϽ0.001). In contrast, genistein and 5-(N,N-dimethyl)amiloride, inhibitors of caveolae-mediated endocytosis and macropinocytosis, respectively, showed minor if any inhibition of CPP endocytosis. Collectively, these findings suggested an active, clathrinmediated route of uptake involving the cytoskeleton and a saturable clearance receptor. This prompted us to test the participation of common uptake mechanisms of particulate matter and pathogens. Inhibition with Ly294002 hydrochloride, an inhibitor of phosphoinositol-3-kinase, which is involved in signal transduction of Fc␥-receptor mediated endocytosis, had no effect ( Figure 4E) . Similarly, inhibition of the mannose receptor with mannan and of the receptor for advanced glycation end products (RAGE) with glycated serum albumin had minor if any effect on CPP endocytosis (Online Figure V) . In contrast, inhibition of scavenger receptors (SRs) using polyinosinic acid (poly-I) reduced cellassociated fluorescence from 172 to 124 (PϽ0.01) and 100 (PϽ0.001) when macrophages were preincubated with 2 ng/L or 10 ng/L poly-I, respectively ( Figure 4D ), indicating involvement of SR in CPP clearance. To mimic in vivo uptake, we preincubated CPPs with serum before addition to cells. Uptake of serum-coated CPPs was reduced in comparison to uncoated CPPs ( Figure 4D through 4F) . Like uncoated CPPs, uptake of serum-coated CPPs was inhibited by cytochalasin D. The cell-associated fluorescence decreased from 53 to 20 (PϽ0.001). A slight decrease of cell-associated fluorescence was likewise observed with chlorpromazine (54 versus 43), whereas CPP uptake was unaffected by inhibition of caveolae-mediated endocytosis or macropinocytosis. Inhibition of CPP uptake with poly-I was more pronounced in serum-coated CPPs than uncoated CPPs. Cell-associated fluorescence decreased from 126 to 100 and 40 with 2 ng/L and 10 ng/L (PϽ0.001) poly-I, respectively. In summary, in vitro clearance studies confirmed that CPPs were readily taken up by macrophages through a SR/clathrindependent pathway, whereas monomeric fetuin-A was endocytosed barely.
Scavenger Receptor-A Is Involved in CPP Clearance
Our endocytosis studies pointed to a major role of SRs in the uptake of CPPs. The family of SRs is characterized by their involvement in scavenging modified forms of LDL. 34 We focused on SR-AI/II and the class B scavenger receptor CD36 but initially also interrogated other macrophage receptors that might also be involved in CPP clearance. We studied CPP uptake in the presence of blocking antibodies directed against a panel of innate immune receptors alone and in combination, namely complement receptor 3 (CR3), CD16/CD32, toll-like receptors TLR2 and TLR4, CD36, and sialoadhesin. We found that these receptors contributed little if any to CPP endocytosis (Online Figure VI) . In addition, we tested the involvement of macrophage receptors, which might be involved in CPP uptake in BMMs derived from the respective knock-out mice. We included Fc␥-receptor, involved in the clearance of immunoglobulins, as well as the opsonic serum proteins C-reactive protein and serum amyloid P. 35, 36 We studied annexin 5 and 6, which have been reported to mediate endocytosis of fetuin-A, 37,38 apoptotic cells, 39 and enhanced lipoprotein particle endocytosis, 40 respectively. The role of TLR-mediated signaling was further studied in TRIFdeficient mice. 41 We also tested galectin1 and galectin3, 2 lectin receptors putatively interacting with fetuin-A glycosyl chains.
We found that whereas CD36, annexins, galectins, TRIF, and Fc␥-receptor were not essential for CPP binding and/or uptake (Online Figure V) , SR-AI/II was critically involved. Figure 5A shows that SR-AI/II-deficient macrophages showed strongly reduced uptake of fluorescence-labeled CPPs compared with wild-type macrophages. Depending on the CPP concentration, the cell-associated fluorescence in SR-AI/II-deficient macrophages ranged from 57% to 73% of wild-type (PϽ0.01). This difference was even more pronounced when CPPs were preincubated with serum ( Figure  5B ). Here the fluorescence signal was reduced to 44% to 49% (PϽ0.001). Remarkably, CPP uptake in SR-AI/II-deficient BMM was as low as fetuin-A monomer uptake ( Figure 5B) .
We also investigated CPP binding to macrophages at 4°C. In agreement with our results from endocytosis assays, SR-AI/IIdeficient BMMs showed diminished CPP binding; the fluorescence signal was reduced to 63% to 78% compared with wild-type BMMs (PϽ0.05 for 0.05 mg/mL and 0.175 mg/mL CPPs). This difference in binding was less pronounced than the difference in uptake. This may be explained by the general tendency of CPPs to adhere to the cell membrane, as CPPs also bound to various cell lines including nonprofessional phagocytes, HeLa, Cos1, and Cos7 cells (not shown).
We confirmed the involvement of SRs in CPP binding and endocytosis by studying CPP clearance in SR-A/MARCOdeficient mice. These mice have combined deficiency in the putative CPP receptor SR-AI/II, detected in cell-based assays ( Figure 5) , and MARCO, a class A SR expressed on CPP pos MZM in the spleen (Figure 3) . Figure 6A illustrates reduced clearance of CPPs from blood in SR-A/MARCO-deficient mice (8% clearance 10 minutes after injection) compared with wild-type (WT) mice (13%). CPP accumulation in liver (1.42 versus 1.18 ng/100 mg organ weight in WT and KO mice, respectively) and spleen (1.04 versus 0.45 ng/100 mg organ weight in WT and KO mice, respectively, PϽ0.01) were likewise reduced ( Figure 6B ). Fluorescence microscopy confirmed reduced CPP clearance in liver and spleen of SR-A/MARCO-deficient mice ( Figure 6C ).
CPPs in Atherosclerosis
To support the role of SR-AI/II in CPP binding, we conducted a competitive binding assay and incubated wild-type BMM with CPP in presence or absence of acetylated LDL (acLDL), a known ligand of SR-AI/II. Figure 7 shows that the binding of CPPs to macrophages was decreased in the presence of acLDL. The cell-associated fluorescence was diminished to 43% to 71%, dependent on CPP concentrations studied (PϽ0.001). The competitive binding of CPPs and acLDL prompted us to test the fate of CPPs in atherosclerosis. We used mice deficient in fetuin-A and apolipoprotein E (ApoE) as a model of calcified atherosclerosis. 19 High-resolution microscopy of live explanted carotid arteries of these mice revealed that CPPs accumulated in the plaque area ( Figure 8A and 8B). Immunofluorescence showed that CPPs colocalized with CD68-positive macrophages ( Figure 8C and 8D) .
In summary, our results suggest that CPPs are bound and taken up by macrophages using SR-AI/II-mediated endocytosis. Marginal zone macrophages and Kupffer cells participate in splenic and hepatic uptake, respectively. This endocytic uptake mechanism discriminates against monomeric fetuin-A, which circulates much longer in vivo and distributes differently in the body. 
Discussion
Soluble colloidal protein-mineral complexes are now considered byproducts of general mineral homeostasis. They are variously called CPPs by analogy to lipoprotein particles 15 or mineralo-protein complexes. 6 To prevent local deposition of such granules, especially in conditions with excess amounts of calcium and phosphate in the body, a clearance mechanism is required mediating CPP recycling or disposal by dissolution, degradation, or storage. We studied the clearance and the disposal of in vitro generated fetuin-A-containing CPPs in mice.
Several studies have investigated the clearance of fetuin-A monomer, and especially of its desialylated form, asialofetuin. Endocytosis of fetuin-A monomer was found to be mediated by annexins expressed on the cell surface. 37, 38 Asialofetuin, like many asiologlycoproteins, is rapidly cleared from the circulation by the ASGP-R expressed by hepatocytes. 32, 42, 43 To study the role of fetuin-A in clearance of CPPs, we compared the clearance of fetuin-A monomer, its desialylated form asialofetuin, serum albumin, and fetuin-Acontaining CPPs in vivo. Asialofetuin was cleared from the circulation within minutes (t 1/2 43 minutes), confirming the highly efficient ASGP-R mediated endocytosis of this ligand (Figure 1) , and we detected accumulation of asialofetuin monomer in liver tissue (not shown), the major site of ASGP-R expression. This finding confirmed the wellestablished activity of the ASGP-R 32 and thus validated our experimental approach. Using CPPs, we observed a fast clearance (t 1/2 4 minutes) mainly by macrophages of the RES represented by hepatic Kupffer cells and splenic MZM macrophages (Figures 2 and 4) . These cells are known to be involved in the clearance of aged blood cells 44 and particulate matter. 45 In contrast, liver sinusoid endothelial cells and hepatocytes, the prime sites of ASGP-R expression did neither accumulate fetuin-A monomer nor CPPs (Figure 2) . Thus, the particulate form of fetuin-A bound to CPPs invoked a clearance mechanism that overcame the clearance of fetuin-A monomer and the well-established ASGP-R-mediated endocytosis of asialofetuin.
Using a cell culture assay, blocking reagents, macrophages from knockout (KO) animals, and live SR-A/MARCO mice, we could show that macrophage uptake of CPPs is receptormediated and that SR-AI/II is essential for CPP endocytosis. Similarly, it was previously shown that the uptake of polystyrene nanospheres, 50 nm in size, coated with fetuin-A into cultured rat Kupffer cells, could be partially inhibited by poly-I as well as by anti-SR-A antibodies, and a similar result was observed in liver perfusion studies in rats. 46 In addition to SR-AI/II, we propose that the specific architecture of the RES constituting the mechanical microfilter and the specific flow restrictions imposed by sinusoidal barriers in spleen marginal zone versus red pulp 33 directs CPP clearance to Kupffer cells and MZM macrophages, since SR-A expression alone is insufficient for CPP clearance. For instance, SR-AI/II-positive liver endothelial cells 47 and red pulp macrophages 48, 49 failed to take up CPPs (Figures 2 and  3) . Similarly, particulate preparations of formaldehydetreated albumin were taken up by Kupffer cells via scavenger receptors but not by endothelial cells. 50 In the current study, cell-based assays were focused on SR-AI/II and CD36, whereas MARCO could not be examined in detail, because MARCO is not expressed in BMMs. Reduced CPP clearance in SR-A/MARCO double-deficient mice, however, suggests that in addition to SR-A MARCO might also be involved in CPP clearance. Ongoing studies will clarify this point.
Regarding the ligand responsible for SR-AI/II binding, our data suggest that additional serum proteins other than fetuin-A might modulate CPP binding and clearance by macrophages, whereas fetuin-A is mainly responsible for the stabilization of CPPs. It is currently unknown which serum proteins contribute to the clearance of CPPs and fetuin-Astabilized mineral debris. We anticipate a situation similar to the "clearance synapse" identified for the clearance of apoptotic cells containing many yet circumscriptive factors. 29 The identification of albumin as a major contributor in mineralo-protein complexes 6, 8, 9, 12 suggests that albumin may contribute to CPP clearance. Indeed, we found that preincubation of CPPs with albumin decreased CPP endocytosis similar to serum pretreatment (not shown), which might be attributed to the dysopsonic activity of albumin. 51 Apolipoprotein A1, a known SR-AI/II ligand, 52 which was previously identified in mineralo-protein complexes, 6 may likewise contribute to CPP uptake.
In conclusion, our data show that SR-AI/II is responsible for the major part of endocytosis of CPPs. The finding that SR-AI/II, a well-known scavenger receptor for LDL particles 34 and lipid debris, likewise participates in the clearance of CPPs and mineral debris may help explain why atherosclerotic plaques frequently calcify, especially in patients with perturbed mineral homeostasis. Several studies in humans show that fetuin-A colocalizes with atherosclerotic plaques in calcifying atherosclerosis. [53] [54] [55] In mice, the combined deficiencies for fetuin-A and apolipoprotein E caused an exacerbated phenotype of calcifying atherosclerosis 19 that may involve CPP uptake by plaque macrophages, further supporting a combined role for the clearance of lipids and mineral debris in the pathogenesis of atherosclerosis. CPP clearance by macrophages may drive these cells into the calcifying myeloic cell type that was recently described in several publications. 56, 57 
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Novelty and Significance
What Is Known?
• Deficiency in the plasma protein fetuin-A is associated with pathological calcifications.
• Fetuin-A protects against calcification by forming soluble proteinmineral complexes called calciprotein particles (CPP).
• CPP carry insoluble mineral that may otherwise deposit in soft tissues.
What New Information Does This Article Contribute?
• Blood clearance of synthetic CPP was studied in mice.
• Liver and spleen macrophages cleared injected CPP within minutes.
• Scavenger Receptor-A predominantly mediated the clearance of CPP.
Increased plasma levels of CPP are associated with aortic stiffness and a procalcific milieu in patients with chronic kidney disease. Thus, reduced CPP clearance could contribute to increased calcification observed in these patients. We studied CPP clearance in mice to identify the tissues, cell types, and receptors involved in CPP clearance. CPP were predominantly cleared by the liver and the spleen. Kupffer cells in the liver and marginal zone macrophages in the spleen were the major cell types involved in CPP clearance. Scavenger Receptor A was the predominant cellular receptor mediating CPP clearance. This finding is particularly significant, because Scavenger Receptor A is also involved in the clearance of lipoprotein particles. The role of CPP in calcification disease may be similar to the role of low-density lipoprotein in atherosclerosis. Atherosclerotic plaque macrophages take up both CPP and low-density lipoprotein, and this could trigger local vascular calcification. Thus, both defective systemic clearance and increased local uptake could contribute to plaque calcification in patients with a combined procalcific and proatherogenic milieu. Additional studies are needed to identify potential risks and benefits of CPP clearance.
